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@ The invention relates to a linear peristaltic pump 
in which a plurality of cams (30) having a special 
shape operate on ball bearings (10) supported on 
cam followers (11) for squeezing a flexible tube (16) 
in a travelling sequence. 
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The invention relates to a linear peristaltic 
pump comprising a flexible tube supported on a 
support plate and having an input end connected to 
a fluid reservoir as well as an output end; a motor- 
driven cam shaft rotatably supported in a stationary 
frame and arranged in parallel to the flexible tube 
and having at least three cams, which are dis- 
placed angularly to each other; a cam follower for 
each cam, guided between parallel guide faces for 
straight reciprocable movement in a direction nor- 
mal to the axis of the cam shaft, having end faces 
for squeezing the flexible tube in an operation 
sequence travelling along the tube from the input 
end to the output end; and ball bearings for reduc- 
ing friction between the cam and the cam followers. 

The invention particularly relates to a portable 
linear peristaltic pump operated on batteries for 
delivering drugs to patients. 

In modern therapy there is an increasing ten- 
dency of infusing drugs in home treatment In order 
to save expensive beds in hospitals. Linear peristal- 
tic pumps are an improvement over the older type 
of rotary peristaltic pumps, and in their portable 
form, linear peristaltic pumps have the advantage 
that disposable parts of the mechanism are less 
expensive to replace than in reciprocally moving 
piston pumps in which the pumping mechanism is 
installed on the disposable parts like syringes. 

In linear peristaltic pumps, the drug is con- 
tained in a reservoir of soft material connected to a 
small flexible silicone tube which is consecutively 
compressed along its length by a set of fingers 
driven by a cam mechanism, thereby pumping the 
drug from the reservoir into a catheter. Large size 
bedside volumetric linear peristaltic pumps as used 
in hospitals are reliable long-life devices which are 
suitable for intensive care units. 

EP-A-214 443 shows a transfusion pump hav- 
ing a flexible tube supported on a support plate 
and having an input end connected to a fluid reser- 
voir, and an output end connected, for instance, to 
a catheter. The mechanism comprises a motor- 
driven cam shaft arranged in parallel to the flexible 
tube and having a plurality of cams. In a first 
embodiment (Figure 1) these cams directly operate 
on cam fingers which squeeze the flexible tube in 
an operation sequence travelling along the tube 
from its input end to the output end. It is clear that 
between the cams and the cam followers large 
friction exists which would be a disadvantage in 
case of portable pumps operating on batteries. 

EP-A-214 443 also discloses a pump mecha- 
nism (Figs. 7 and 8) which uses ball bearings 
which are fixed excentrically on a shaft, and the 
outer circumferences of these ball bearings directly 
operate on the flexible tube. Although in this con- 
struction friction and wear is reduced, rather large 
ball bearings are necessary in order to obtain suffi- 



ciently large strokes for squeezing the flexible tube. 
Such large ball bearings need larger space in a 
direction normal to the squeezing direction of the 
flexible tube, so that this principle is more suitable 

5 for large bedside pumps than for portable pumps. 
Moreover, excentric pump mechanisms have the 
disadvantage that the operation curves can only be 
made sinusodial but not in any shape as would be 
possible with shaped cam surfaces. 

10 It is therefore an object of the present invention 

to provide a linear peristaltic pump of small size 
and low friction and wear of the mechanism, and 
consequently lower power consumption, the re- 
liability of which is about the same as that of larger 

15 bedside volumetric pumps. 

According to the invention, a linear peristaltic 
pump as defined above is characterized in that the 
inner parts of the ball bearings are supported on 
the cam followers whereas the cams operate on 

20 the outer circumferential surfaces of the ball bear- 
ings; that the cams, cam followers and ball bear- 
ings are substantially in the same plane; and that 
the overall diameter of the ball bearings is smaller 
than that of the outer surfaces of the cams. 

25 Although it is already known to use cam follow- 

ers in peristaltic pumps having rollers operating on 
cam surfaces (EP-A-446 898 and GB-A-2 020 735), 
the pumps described in these publications are of 
such a construction that they do not permit small 

30 sizes necessary for portable pumps operated on 
batteries. The mechanism according to EP-A-446 
898 uses three cam followers placed at different 
angular positions of one cam in order to squeeze 
the flexible tube at only three positions, the whole 

36 mechanism needing rather large space in a direc- 
tion normal to the direction of movement. The 
mechanism of GB-A-2 020 735 has a cam follower 
supported on a sufficiently long support arm, so 
that the finger operating on the flexible tube moves 

40 substantially on a straight line. The long support 
arm does not permit a small width of the mecha- 
nism, either. Accordingly, these two constructions 
are not suitable for a linear peristaltic pump of 
small dimensions. 

45 In case of the peristaltic pump according to the 

invention, the straight reciprocable movement of 
the cam followers is guided between parallel guide 
faces, and the dimensions normal to the direction 
of movement can be kept small in spite of the use 

50 of ball bearings reducing friction on the cams, 
because smaller ball bearings can be used com- 
pared with ball bearings mounted excentrically on a 
shaft in the prior art pumps. 

In a preferable embodiment, a stationary frame 

55 is provided with parallel side walls with guide 
grooves for guiding side faces of the cam follow- 
ers. The ball bearings are preferably supported on 
projections extending parallel to the axis of the cam 
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shaft from the cam followers. 

In order to avoid movements of the flexible 
tube in transversal direction normal to the operating 
direction of the cam followers, the flexible tube is 
preferably held in position under the cam followers 
by stationary shoulders limiting sideward move- 
ment, the height of the shoulders being less than 
twice the wall thickness of the tube. To avoid the 
entering of fluid into the pump mechanism in case 
the flexible tube is defective, preferably a protec- 
tive sheet is placed between the flexible tube and 
the end faces of the cam followers for sealing the 
drive mechanism against the tube. 

In order to provide rigidity of the pump mecha- 
nism and maintain exact pumping volumes, the 
cam shaft with its cams is preferably a one-piece 
metal part, preferably made by powder injection 
molding or powder metal sintering. 

In a linear peristaltic pump it is important that 
the pumping volume is exact and even, substan- 
tially independent from tolerances and mechanical 
properties of the flexible tube. In order to obtain 
such characteristics, in a preferred embodiment, 
each cam has three curve portions: 

- a first portion having a continuously increas- 
ing radius for the pressing phase, 

- a second portion having a constant radius 
equal to the radius at the end of the first 
portion for maintaining the flexible tube 
closed, and 

- a third portion having a sharp decrease of the 
radius for quick release of the tube. 

With such a curvature of the cams the flexible 
tube is squeezed over a rather long angle of rota- 
tion, and released and expanded over a rather 
short angle of rotation, so that the tube has suffi- 
cient expansion time to reach its full and expanded 
form to allow its filling with fluid to the full volume. 

In order to provide an even torque load to the 
driving motor, the cams are displaced at even 
angles around a full circle. The second portion of 
the curvature is made slightly longer than said 
angle to provide overlapping of the second portions 
of the individual cams, so that the volume of fluid 
to be pumped is safely trapped between the closed 
sections of the tube without any back flow. In case 
of six regular cams and angular displacements 
between the cams of 60', the duration of the first 
portion is about 200 ' , the duration of the second 
portion about 65" and the duration of the third 
portion about 95 ' of a full revolution of 360 * . 

In order to make the fluid flow to the output 
even without any large variations, preferably an 
additional cam and cam follower are provided at 
the output end of the flexible tube for linearizing 
the output flow, the maximum radius of this cam 
being less than necessary to close the tube. This 
additional cam has the function to increase the 



output flow for the short period of time when the 
last regular cam is in its closed position, i.e. the 
additional cam has a first portion of depression 
during the second portion of the last regular cam, 

5 and a second portion of release of pressure to the 
flexible tube during the remaining part of the revo- 
lution. In case of the above example with six regu- 
lar cams, the duration of the first portion of the 
additional cam is about 65 ' and the duration of the 

10 second portion is about 295 ° . 

Another important aspect of the present inven- 
tion is a special construction of placing the fluid 
reservoir and the flexible tube within a compart- 
ment of a housing of the peristaltic pump. This 

15 preferable embodiment is characterized by an ex- 
changeable unit comprising the fluid reservoir, pref- 
erably made from soft elastomer material, and the 
flexible tube having its input end connected to the 
fluid reservoir. The exchangeable unit is placed in 

20 a compartment of the housing which is closed by a 
lid constituting the support plate to the flexible 
tube. By this construction, the fluid reservoir to- 
gether with the flexible tube can be replaced as 
disposable parts, so that the pumping mechanism 

25 can be used for pumping different fluids, or for 
different patients. 

In order to make the peristaltic pump having 
such exchangeable units safe, preferably registra- 
tion means are provided at a frame of the ex- 

30 changeable unit and within the compartment, which 
registration means only permit insertion of the ex- 
changeable unit in proper orientation but not in 
reverse orientation. 

In order to avoid leakage of the fluid contained 

35 in the reservoir or in the flexible tube during ex- 
change of the exchangeable unit, preferably clamp- 
ing means are provided at the output end of the 
flexible tube, the clamping means opening the out- 
put if the exchangeable unit is within the compart- 

40 ment and the lid is properly closed. The clamping 
means are preferably spring-biased into the closed 
position and opened by a projection of the lid. 

In order to increase the safety of the linearic 
peristaltic pump according to the invention, a pres- 

45 sure sensor for sensing the output pressure of the 
peristaltic pump is provided. The pressure sensor, 
in a preferred embodiment, is operated by a flexi- 
ble, soft membrane covering an opening of a hous- 
ing connected to the output end of the flexible 

50 tube. The soft membrane has a rather large area, 
so that the overall sensitivity of the pressure sensor 
is increased. 

The invention is now described in connection 
with preferable embodiments of the invention in 

55 connection with the accompanying drawings. 

Figure 1 shows a perspective view of the 
linear peristaltic pump according to 
the invention; 
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Figure 2 shows a cross section through the 
pumping mechanism, showing the 
cam shaft, cam followers with ball 
bearings and the flexible tube; 

Figure 3 shows a side view of the pumping 
mechanism of the peristaltic pump; 

Figure 4 shows a perspective view of an ex- 
changeable unit comprising the flu- 
Id reservoir and the flexible tube; 

Figure 5 shows a side view of one of the 
regular cams; and 

Figure 6 shows a side view of an additional 
cam for equalizing the output fluid 
volume. 

The general view of the linear peristaltic pump, 
Figure 1, shows a housing 3 containing the me- 
chanical parts of the pump including a motor, a 
reduction gear, an electric battery and the move- 
ment mechanism in the area of the rear part, 
whereas In a lower front part of the housing the 
electronics are installed using a microprocessor 
and SMD technology for reducing size. The hous- 
ing 3 Is provided with a lid 5 at the bottom hinged 
at 5a for access to a compartment Into which an 
exchangeable unit comprising a fluid reservoir 4 
can be inserted. At the top of the housing, a 
display 1 and operation keys 2 are provided. 

Now, the pumping mechanism shall be de- 
scribed in connection with Figures 2 and 3 of the 
drawings. A cam shaft 9 having a plurality of cams 
30a-30f Is rotatably supported by journals 8 within 
a stationary frame 26. The cam shaft 9 is driven by 
a low inertia motor 6 having a reduction gear 6a. A 
magnetic drum 7 having angularly spaced magnets 
is operating on hall sensors 17 which are angularly 
displaced to each other In order to detect the 
direction of rotation as well as the speed of rota- 
tion. The signals of the hall sensors 17 are used In 
a microprocessor controlling the operation of the 
peristaltic pump. 

Corresponding to each of the cams 30a-30f, 
there is provided a plurality of cam followers 11 
each having a small ball bearing 10 supported with 
is inner part 1 0a on a projection 11c formed at the 
cam followers 11. The outer circumference 10b of 
each ball bearing 10 touches the cam surface of 
each cam 30a-30f, so that only small friction Is 
present between the cam followers 11 and the 
cams 30a-30f. 

End faces 1 1 b of the cam followers 1 1 operate 
on a flexible tube 16 supported on a support plate 
5, being the lid for the housing 3 as already de- 
scribed. The cam followers 11 are guided for 
movement in a straight line in vertical direction (as 
seen In the drawings) by side faces 11a moving In 
guide faces 26a in the form of grooves present In 
side walls of the stationary frame 26. 



From Figures 2 and 3 it can be seen that the 
end face 11b of the first cam 30a has fully 
squeezed the flexible tube 16 to its closed position 
(the dotted lines showing the flexible tube 16' In Its 

5 fully open position). The individual cams 30a-30f 
have all the same shape but are displaced an- 
gularly to each other by 60'. This displacement 
provides for a substantially even torque load to the 
motor. In Figure 3, the input end 16a of the flexible 

10 tube 16 is seen on the left side of the drawing, 
whereas the output end 16b is shown on the right 
side. 

The flexible tube 16 is made of elastic material, 
preferably of silicone material. To seal the flexible 

15 tube 16 against the drive mechanism, a protective 
sheet 15 of plastic material is placed between the 
tube 16 and the end faces 11b of the cam followers 
11 (only shown in Figure 3 but not In Figure 2 for 
the sake of clarity). 

20 The cam 30a as shown In Figure 2 has three 

portions of curvature, i.e. 

- a first portion 18 having a continuously in- 
creasing radius of calculated curvature for the 
pressure phase, 

25 - a second portion 19 having a constant radius 
equal to the radius at the end of the first 
portion 18 for maintaining the flexible tube 16 
fully closed, and 

- a third portion 20 having a sharp decrease of 
30 the radius for quick release of the tube 1 6. 

From Figure 2 It can be seen that, although the 
stroke of the cams 30 can be rather large, the 
width of the mechanism (seen in horizontal direc- 
tion of Figure 2) does not need to be much larger 

36 than the maximum outer diameter (portion 20) of 
the cams. The bearings 10 which can be small, 
only take space in the squeezing direction, and the 
sliding support of the cam followers 11 within the 
stationary support 26 safeguards a linear guidance 

40 In the squeezing direction. 

The cam followers 11 are pushed upwards by 
the elasticity of the tube 16 upon release by the 
cam followers 11. It is, however, also possible to 
assist the upward movement by return springs. 

45 Figure 4 now shows an exchangeable unit 

comprising the fluid reservoir 4 and the flexible 
tube 16 supported on a frame 28 made of hard 
plastic material and connected to the fluid reser- 
voir. The fluid reservoir 4 is in the form of a small 

50 bag preferably made from soft elastomer material, 
and the flexible tube 16 Is connected through a 
pump connector 24 and an Input tube 27 to the 
fluid reservoir. The frame 28 comprises registration 
means 25 in the form of holes, into which com- 

55 plementary projections within the compartment of 
the housing 3 would fit in order to safeguard proper 
orientation of the exchangeable unit within the com- 
partment. The output end 16b of the flexible tube 
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16 is connected to a small housing 23 which is 
only shown schematically in Figure 3. An opening 
at the upper side (as seen in the drawing) is closed 
by a nnennbrane 23a glued to the walls of the 
housing at the opening. The output pressure at the 
output end 16b of the flexible tube 16 is present in 
the housing 23 and operates the mennbrane 23a 
having a rather large area for operating a pressure 
sensor 14 which can be an analog pressure sensor 
or a switch. The pressure sensor 14 is used for 
sensing overpressure at the output, so that either 
the operation of the peristaltic pump can be stop- 
ped and/or an alarm signal be given. The housing 
23 is connected to an output tube 29, and from 
there to an output connector 22, in the present 
case a Luer Lock connector (particularly see Figure 
4). 

The frame 28 also has projections 21 which 
safeguard that the flexible tube 16 does not move 
transversely under the squeezing pressure of the 
cam followers 11. These projections or shoulders 
21 are also shown in Figure 2. Their height in 
squeezing direction is slightly less than twice the 
wall thickness of the tube 16, so that the tube can 
be fully compressed by the end faces lib of the 
cam followers 1 1 . 

As already described in connection with Figure 
1 , the exchangeable unit comprising the fluid reser- 
voir 4 and the flexible tube 16, can be inserted into 
a compartment of the housing 3 by opening the 
hinged lid 5 at the bottom of the housing 1. In 
order that no fluid can leak out from the fluid 
reservoir 4 or the flexible tube 16 during transport 
and exchange, a spring clamp 12 is provided at the 
output tube (29). This spring clamp 12 is spring- 
biased into its closed position. When the exchange- 
able unit is placed into the compartment of the 
housing 3 and the lid 5 is properly closed, a 
projection (not shown) at the lid 5 operates the 
spring clamp 12 into its open position, so that the 
output is opened and the peristaltic pump can be 
used. 

Moreover, as can be seen in Figure 3, a switch 
13 is provided which is operated by the lid 5 in 
such a way that operation of the peristaltic pump is 
only permitted when the lid 5 is properly closed. 

Now, more details of the shape of the regular 
six cams 30a-30f shall be described in connection 
with Figure 5. As already mentioned in connection 
with Figures 2 and 3, each of the six cams 30a-30f 
has a first portion 18 having a continuously increas- 
ing radius of calculated curvature, and in the 
present embodiment, this portion extends over an 
angle of 200 " . The radius of the cam surface 
preferably increases linearly with the rotation angle 
in the direction of an arrow 32. The subsequent 
second portion 19 has a constant radius, i.e. the 
maximum radius R30. In the present embodiment, 



the constant radius in portion 19 lasts for 65*. In 
the third portion 20 a sharp decrease from the 
maximum radius R30 to the minimum radius takes 
place, in the present embodiment during a rotation 

5 angle of about 95 ° . The maximum radius R30 and 
the length of the cam followers 1 1 are such that the 
flexible tube 16 is completely closed. Although in 
Figure 3, the end faces lib of some of the cam 
followers 11 are shown at a distance from the 

10 flexible tube 16, this distance or gap is smaller or 
zero in practice. 

Figure 6 now shows an additional cam 31 
which is placed behind the sixth regular cam 30f 
(Figure 3) for the purpose of smoothing variations 

15 of the output pressure during the pumping action. 
This additional cam is not shown in Figure 3 but 
only in Figure 6. 

As Figure 6 shows, the additional cam 31 has a 
first portion 33 during which the radius increases 

20 from a minimum value to a maximum radius R31. 
From this maximum value R31 the radius de- 
creases during a second portion 34 to the mini- 
mum value. The maximum radius R31 is smaller 
than the maximum radius R30 of the regular cams 

25 30 because the flexible tube 16 shall only be 
pressed but not closed. The angular duration of the 
first portion 33 is about 65 ' , whereas the remain- 
ing portion 34 is about 295 * . 

Figure 5 now shows the angular position of the 

30 last and sixth regular cam 30f, and the additional 
cam 31 is fixed to the cam shaft 9 at the same 
angular position as shown for the sixth cam 30f in 
Figure 5, i.e. when cam 30f has its maximum 
radius R30, the additional cam 31 also has it maxi- 

35 mum radius R31. From this follows that when the 
sixth cam 30f rotates from point A to point B during 
its second portion 19 during which the flexible tube 
16 is held fully closed, the additional cam 31 runs 
from point A to point B through its first portion 33 

40 during which the pressure to the end portion 16b of 
the flexible tube 16 is gradually increased without 
closing the tube 16. This means that while no fluid 
is pumped beyond the closed cam 30f the addi- 
tional cam 31 provides a pumping action to the 

45 output during the same time. Accordingly, pressure 
variations at the output are greatly reduced. 

Claims 

50 1. Linear peristaltic pump comprising 

a flexible tube (16) supported on a support 
plate (5) and having an input end (16a) con- 
nected to a fluid reservoir (4) as well as an 
output end (16b); 

55 a motor-driven cam shaft (9) rotatably sup- 

ported in a stationary frame (26) and arranged 
in parallel to the flexible tube (16) and having 
at least three cams (30a-30f), which are dis- 
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placed angularly to each other; 
a cam follower (11) for each cam, guided be- 
tween parallel guide faces (26a) for straight 
reclprocable nnovennent In a direction normal to 
the axis of the cam shaft (9), having end faces 
(11b) for squeezing the flexible tube (16) in an 
operation sequence travelling along the tube 
from the input end (16a) to the output end 
(16b); and 

ball bearings for reducing friction between the 
cams (30) and the cam followers (11); 
characterized in that 

the inner parts (10a) of the ball bearings (10) 
are supported on the cam followers (11) 
whereas the cams (30) operate on the outer 
circumferential surfaces (10b) of the ball bear- 
ings (10); 

that the cams (30), cam followers (11) and ball 
bearings (10) are substantially in the same 
plane; and 

that the overall diameter of the ball bearings 
(10) is smaller than that of the outer surfaces 
(19) of the cams (30). 

2. Linear peristaltic pump according to claim 1, 
characterized by the stationary frame (26) hav- 
ing parallel side walls with guide grooves (26a) 
for guiding side faces (11a) of the cam follow- 
ers (11). 

3. Linear peristaltic pump according to claim 1 or 
2, characterized in that the ball bearings (10) 
are supported on projections (11c) extending 
parallel to the axis of the cam shaft (9) from 
the cam followers (11). 

4. Linear peristaltic pump according to any pre- 
ceding claim, characterized in that the flexible 
tube (16) is held in position under the cam 
followers (11) by stationary shoulders (21) 
limiting sideward movement, the height of the 
shoulders (21) being less than twice the wall 
thickness of the tube (16). 

5. Linear peristaltic pump according to any pre- 
ceding claim, characterized by a protective 
sheet (15) between the flexible tube (16) and 
the end faces (lib) of the cam followers (11) 
for sealing the drive mechanism against the 
tube (16). 

8. Linear peristaltic pump according to any pre- 
ceding claim, characterized in that the cam 
shaft (9) with its cams (30a-30f) is a one-piece 
metal part, preferably made by powder injec- 
tion molding or powder metal sintering. 



7. Linear peristaltic pump according to any pre- 
ceding claim, characterized in that each cam 

(30) has three curve portions: 

- a first portion (18) having a continuously 
5 increasing radius for the pressing phase, 

- a second portion (19) having a constant 
radius equal to the radius at the end of 
the first portion (18) for maintaining the 
flexible tube (16) closed, and 

10 - a third portion (20) having a sharp de- 

crease of the radius for quick release of 
the tube (16). 

8. Linear peristaltic pump according to claim 7, 
15 characterized in that the cams (30a-30f) are 

displaced at even angles around a full circle, 
and that the second portion (19) is slightly 
longer than said angle to provide overlapping 
of the second portions (19) of the individual 
20 cams. 

9. Linear peristaltic pump according to claim 7 or 
8, characterized in that in case of six regular 
cams (30a-30f) and angular displacements be- 

25 tween the cams of 60 • , 

- the duration of the first portion (18) is 
about 200 " , 

- the duration of the second portion (19) is 
about 65 " , and 

30 - the duration of the third portion (20) is 

about 95 ' of a full revolution of 360 " . 

10. Linear peristaltic pump according to anyone of 
claims 7 to 9, characterized by an additional 

36 cam (31) and cam follower at the output end 

(16b) of the flexible tube (16) for linearizing the 
output flow, the maximum radius of this cam 

(31) being less than necessary to close the 
tube (16). 

40 

11. Linear peristaltic pump according to claim 10, 
characterized in that the additional cam (31) 
has a first portion (33) of depression during the 
second portion (19) of the last regular cam 

45 (30f), and a second portion (34) of release of 

pressure to he flexible tube (16). 

12. Linear peristaltic pump according to claims 9 
and 11, characterized in that the duration of 

50 the first portion (33) of the additional cam (31) 

is about 65" and the duration of the second 
portion (34) is about 295 ' . 

13. Linear peristaltic pump comprising within a 
55 housing (3) a flexible tube (16) supported on a 

support plate (5) and having an input end (16a) 
connected to a fluid reservoir (4), and an out- 
put end (16b); a motor-driven cam shaft (9) 
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having at least three cams (30a-30f); and cam 
followers (11) having end faces (11b) for 
squeezing the flexible tube (16) in an operation 
sequence travelling along the tube from the 
input end (16a) to the output end (16b); par- 5 
ticularly as claimed in any preceding claim, 
characterized by an exchangeable unit com- 
prising the fluid reservoir (4), preferably made 
from soft elastomer material, and the flexible 
tube (16) having its input end (16a) connected io 
to the fluid reservoir (4); the exchangeable unit 
being placed in a compartment of the housing 
(3) which is closed by a lid constituting the 
support plate (5) to the flexible tube (16). 

15 

14. Linear peristaltic pump according to claim 13, 
characterized by registration means (25) at a 
frame (28) of the exchangeable unit and within 
the compartment, which registration means 

(25) only permit insertion of the exchangeable 20 
unit in proper orientation but not in reverse 
orientation. 

15. Linear peristaltic pump according to claim 13 

or 14, characterized by clamping means (12) 25 
at the output end (16b) of the flexible tube 
(16), the clamping means (12) opening the 
output, if the exchangeable unit is within the 
compartment and the lid (5) is properly closed, 
the clamping means (12) being preferably 30 
spring-biased into the closed position and 
opened by a projection of the lid (5). 

16. Linear peristaltic pump according to any pre- 
ceding claim, characterized by a pressure sen- 35 
sor (14) for sensing the output pressure of the 
peristaltic pump, the pressure sensor (14) be- 
ing operated by a flexible, soft membrane 
(23a) covering an opening of a housing (23) 
connected to the outpu end (16b) of the flexi- 40 
ble tube (16). 
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